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SECTION I 
INTRODUCTION 
The MONK, developed by P I  under  t h e  j o i n t  sponsorsh ip  of DASA 
and NASA i s  a code f o r  g e n e r a t i n g  equa t ion  of  s t a t e  da t a .  
c o n s i s t s  of 
The i n p u t  
1. requ i r ed  i n p u t  parameters ,  such a s  atomic number, S.T.P. volume. 
2. r e q u i r e d  i n p u t  t a b l e s ,  such  a s  t h e  thermal c o e f f i c i e n t  o f  
volume expansion v e r s u s  temperature.  
3 .  o p t i o n a l  i n p u t  d a t a  s e t s  t h a t  may i n c l u d e  parameters  such 
a s  m e l t i n g  p o i n t ,  b o i l i n g  p o i n t ,  a known sub l ima t ion  p o i n t  
and o t h e r s .  'SUBL~ T~~~~ 
4 .  a l i s t  of i n p u t  E ,  V f o r  which P and T w i l l  be computed f o r  
ou tpu t .  
T h i s  l a s t  i n p u t  f e a t u r e  accounts  f o r  more than  h a l f  o f  t h e  
code complexity than  would 
f o r  i n p u t .  The E ,  V i n p u t  
recoding  of MONK MAIN) t h e  
have been p r e s e n t  had E and T been chosen 
cho ice  has  t h e  v i r t u e  t h a t  ( w i t h  minor 
code can be adapted t o  a mode t h a t  o u t p u t s  
Hugoniot p ~ i n t  cor responding  t o  a V i n p u t  l i s t ,  and c o n s t r u c t s  r e l e a s e  
a d i a b a t s  from each Hugoniot p o i n t .  T h i s  c a p a b i l i t y ,  and o t h e r s ,  would 
no t  ex is t  had t h e  more s i m p l e  V ,  T i n p u t  method been used. 
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A disadvantage  occur s  i n  t h e  f a c t  t h a t  some V, E i n p u t  p a i r s  
may n o t  be  processed  by t h e  code because o f  thermodynamical incon- 
s i s t e n c y .  For example, E2 is i n p u t t e d  t o  be t h e  i n t e r n a l  energy of  
t h e  s o l i d  a t  P = 1 atmos, T =I 0, and thus  e s t a b l i s h e s  t h e  energy 
r e fe rence  l e v e l .  Then c e r t a i n  p a i r s  of E ,V  may be thermodynamically 
c o n s i s t e n t  w i t h  a nega t ive  temperature.  I n  t h i s  c a s e ,  t h e  thermo- 
dynamic models a r e  abandoned and a message appears.  
I n  a l l  c a s e s ,  the o u t p u t  i s  P ,  T and NG, t h e  p r e s s u r e ,  temperature 
and mole f r a c t i o n  of gas p r e s e n t  i n  t h e  c a s e s  where some o r  a l l  of t h e  
s o l i d  h a s  vapor ized .  
The code i s  s t r u c t u r e d  and compartmentalized t o  f a c i l i t a t e  
a d a p t a t i o n  t o  d i f f e r e n t  models, d i f f e r e n t  i n p u t / o u t p u t  formats  and 
d i f f e r e n t  o p t i o n s  . 
A s  mentioned e a r l i e r ,  t h e  code r e q u i r e s  t a b l e s  of  c o m p r e s s i b i l i t y ,  
s p e c i f i c  h e a t  and o t h e r  q u a n t i t i e s  ve r sus  temperature.  T h i s  sugges t s  
t h a t  t h e  equa t ion  of s t a t e  must be known be fo re  t h e  c o r r e c t  i n p u t  d a t a  
can be  e s t a b l i s h e d .  T h i s  i s  n o t  t h e  case .  It i s  impor tan t  t o  view 
MONK i n  t h e  c o r r e c t  p e r s p e c t i v e  t o  u t i l i z e  i t s  p rope r ty  a s  a u s e f u l  t o o l .  
The p rope r  view i s  t o  regard  ques t ionab le  ( r e q u i r e d )  i n p u t  d a t a  
a s  " t r i a l "  d a t a  t o  be a d j u s t e d  and r e f i n e d  by employing t h e  MONK code 
i n  a pa rame t r i c  i n v e s t i g a t i o n  t o  op t imize  t h e  f i t  o f  t h e  ou tpu t  d a t a  
t o  "known" r eg ions  of  t h e  equa t ion  o f  s t a t e .  By "known'f i s  meant 
(1) exper imenta l  d a t a  o r  ( 2 )  t h e o r e t i c a l  d a t a  ob ta ined  f o r  reg ions  i n  
which theo ry  i s  thought t o  be accu ra t e .  The e x t r a p o l a t i o n  o r  i n t e r p o l a t i o n  
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i n t o  t h e  unknown reg ions  accord ing  t o  the MONK p h y s i c a l  models i s  then  
enormously b e t t e r  t han  can be  done by curve  f i t t i n g  o r  by rceye.cc For  
example, t h e  e x i s t i n g  Vers ion  1 of MONK t r e a t s  t h e  simultaneous 
e x i s t e n c e  of  gaseous and condensed s t a t e s  i n  thermodynamical equ i l ib r ium,  
a s i t u a t i o n  t h a t  cannot be i n t e r p o l a t e d  o r  e x t r a p o l a t e d  from s t a t e s  
of  pure  phase. 
MONK, Vers ion  1, c o n t a i n s  p h y s i c a l  models a p p r o p r i a t e  f o r  a 
condensed phase ( s o l i d  o r  l i q u i d ) ,  a n e u t r a l  vapor phase ,  and mixed 
vapor and condensed phases .  
o p t i o n s ,  accord ing  t o  t h e  d a t a  t h a t  a r e  a v a i l a b l e  f o r  a p a r t i c u l a r  
subs tance .  Indeed ,  t h e  methods o f  i n p u t  a r e  l a r g e  enough t h a t  n o t  
a l l  of t h e  combinations have been exe rc i zed  a t  t h i s  t i m e ,  and i t  i s  
conce ivable  t h a t  n o t  a l l  of t h e  l o g i c a l  bugs have been e l imina ted .  
I f  any l o g i c a l  bugs a r e  d i scove red ,  they  w i l l  be c o r r e c t e d  and approp- 
r i a t e  addenda w i l l  be supp l i ed  t o  a l l  u s e r s  t o  c o r r e c t  t h e  u se r ' s  
T h i s  v e r s i o n  has  a v a r i e t y  of i n p u t  
manual. 
Phys ic s  I n t e r n a t i o n a l  f e e l s  t h a t  the optimum u t i l i z a t i o n  of  t h i s  
code w i l l  f i r s t  r e q u i r e  a pe r iod  of  l e a r n i n g  by t r i a l  and e r r o r .  I t i s  
envis ioned  t h a t  Vers ion  2 w i l l  be s i m i l a r  t o  Vers ion  1 except  t h a t  
t h e  expres s ion  f o r  t h e  n u c l e a r  c o n t r i b u t i o n  t o  t h e  p r e s s u r e  w i l l  
) r a t h e r  than  (-). T h i s  new be  w r i t t e n  a s  an expansion i n  
v e r s i o n  w i l l  be more s u i t a b l e  a t  h igh  compressions and w i l l  be such 
t h a t  t h e  c o e f f i c i e n t s  a r e  more p rope r  f o r  f i t t i n g  t o  Hugoniot d a t a ,  
vo- v vo-v 
(v vO 
r a t h e r  than  t h e  p r e s e n t  v e r s i o n  t h a t  r e q u i r e s  i n p u t  l i s t s  of  compres- 
dX s i b i l i t y ,  X and (z) and thermal c o e f f i c i e n t  of volume expansion, 
cp 
1. 
a l l  v e r s u s  tempera ture .  
3 
S e c t i o n  2 w i l l  d i s c u s s  t h e  p h y s i c a l  models used i n  MONK, Verszon 1. 
Sec t ion  3 w i l l  d i s c u s s  t h e  phase l i n e  and t h e  de t e rmina t ion  of 
s o l i d - g a s  molar f r a c t i o n s .  
Sec t ion  4 w i l l  l i s t  and d i s c u s s  t h e  i n p u t  parameters  and o p t i o n s .  
Sec t ion  5 w i l l  p rovide  a concordance of  a l l  common v a r i a b l e s .  
S e c t i o n  6 w i l l  l i s t  a l l  s u b r o u t i n e s  and FORTRAN f u n c t i o n s  and 
g ive  a b r i e f  d e s c r i p t i o n .  
Sec t ion  7 p rov ides  f i v e  flow c h a r t s  of p a r t i c u l a r  i n t e r e s t .  
A p a r t i c u l a r l y  e l e g a n t  f e a t u r e  of MONK i s  t h e  " b u i l t  in" flow c h a r t  
and d i a g n o s t i c  l o g i c .  The programmer should n o t e  t h e  method whereby t h e  
f i r s t  i n p u t  d a t a  ca rd  can be punched t o  t r i g g e r  t h e  "Tracem" l o g i c  f o r  
any o r  a l l  sub rou t ines .  T h i s  i s  a sp l end id  method of l o c a l i z i n g  and 
debugging new models and o p t i o n s ,  and p rov ides  a "flow char t"  t h a t  
adap t s  i t s e l f  t o  changes i n  t h e  code. 
Code decks and l i s t i n g  a r e  provided a long  wi th  a t e s t  i n p u t  deck and 
ou tpu t  p r i n t o u t s .  The t r i a l  m a t e r i a l  is  "aluminum" a l though no p a r t i c u l a r  
c a r e  has  been taken  t o  opt imize  t h e  i n p u t  parameters.  The re fo re ,  t h e  
aluminum o u t p u t  d a t a  should n o t  be regarded a s  a c c u r a t e .  The purpose 
was t o  demonstrate t h a t  t h e  p h y s i c a l  models of t h e  code were be ing  
a c t i v a t e d  and used c o r r e c t l y .  
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SECTION I1 
PHYSICAL MODEL OF MONK, VERSION 1 
vapor  phase,  a conLdnsed F T h i s  p r e s e n t  v e r s i o n  t r e a t s  a n e u t r a  l a s e  
(which w e  w i l l  c a l l  s o l i d ) ,  and mixtures  of  the two. U n i t s  f o r  P ,  V, E 
and T a r e  atmospheres,  cc/mole,  atmos-ccfmole and degrees  Kelvin.  
2.1 The So l id  Phase 
The s o l i d  phase i s  cons t ruc t ed  from a sum of  n u c l e a r  c o n t r i b u t i o n s  
and e l e c t r o n i c  c o n t r i b u t i o n s .  
2.1.1 The n u c l e a r  c o n t r i b u t i o n  t o  the s o l i d  p r e s s u r e  
where V/Vo  is  t h e  r e l a t i v e  volume w i t h  r e s p e c t  t o  the r e f e r e n c e  volume, 
0 u s u a l l y  de f ined  a t  S.T.P. o r  a t  P = 1 atmos, T = ze ro  K. This 
expres s ions  obvious ly  i s  no t  r e a l i s t i c  f o r  smal l  o r  l a r g e  v a l u e s  o f  
vO , 
V I V O .  
p robably  .7 5 V f V  G l . 4 ,  corresponding  t o  p r e s s u r e  o f  a few megabars 
For  m e t a l s  and mine ra l s ,  the range o f  a p p l i c a b i l i t y  of P i s  N 
0 
o r  hundreds of  k i l o b a r s  a t  the low volume extreme t o  the s o l i d - g a s  
VCRIT 6 1.4) a t  the o t h e r  extreme. The gas  phase (-7- t r a n s i t i o n  l i m i t  
0 
CRIT' 
d e s c r i p t i o n  w i l l  then  t ake  ove r  completely f o r  V > V 
The i n v e r s e  expansion o f  P (V,T) i s  N 
V(P,T) = V o [ l  + ao(T)] - al(T)P + a2(T)P 2 
1 
where 
Po = ao/al 
2 
p1 = [I + 2aoa2/ai]/ai 
P2 = a / a  3 ,2  1 
The a ' s  i n  t u r n  a r e  r e l a t e d  t o  the thermal c o e f f i c i e n t  of  volume expansion 
(which i n  t u r n  i s  t h r e e  t i m e s  t h e  thermal c o e f f i c i e n t  L av a(') = v ( ~ ) p = 1  atmos 
of l i n e a r  expansion) .  The r e l a t i o n s h i p s  f o r  a a re :  
0 
T 
l n [ l  + ao(T)] = 5 a ( T ) d t  
0 
a,(T) = exp [ a ( T ) d t  ] - 1 
1 da  0 dao 
l+ao dT dT a(r) = --
2 
Thus, a(T) is  r e q u i r e d  a s  an i n p u t  t a b l e .  The r e l a t i o n s h i p s  f o r  a and a 
1 
r e q u i r e  t h e  c o m p r e s s i b i l i t y  
and 
2 
The d e s i r e d  r e l a t i o n s h i p s  a r e  then  
a = (1 + ao)X 1 
Thus t h e  n u c l e a r  c o n t r i b u t i o n  t o  s o l i d  p r e s s u r e  P (V,T) r e q u i r e s  an i n p u t  
of  Vo and t h r e e  i n p u t  l i s t s ,  a ( T ) ,  x(T) and x ' (T) ,  l a b e l e d  LPHA,  C H I  and 
C H I P  i n  t h e  code. 
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2.1.2 The n u c l e a r  c o n t r i b u t i o n  t o  t h e  s o l i d  i n t e r n a l  energy 
dEN(V,T) = dV + dT 
where 
- 'N T V = T  
= C o ( T ) ,  t h e  s p e c i f i c  h e a t  
v v  
T V,T 
d E N  = E Z  + s $(T) dT 5 0 = 
vo , To 
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The terms 
a r e  c o n s t r u c t e d  i n  MONK53 ( s u b r o u t i n e  MONKIO) and a r e  l a b e l e d  EO, E l  and 
E2. The i n t e g r a t i o n  of C V r e q u i r e s  an i n p u t  l i s t  o f  n u c l e a r  s p e c i f i c  
h e a t  labe led  CVO. The i n t e g r a t i o n  i s  performed i n  MONK11 ( f u n c t i o n  
INTGRL) and i s  c a l l e d  by MONK53 which l a b e l s  t h i s  q u a n t i t y  INCVO. 
MONK17 ( f u n c t i o n  EN) completes t h e  sum of  terms and adds i n  t h e  i n p u t  
q u a n t i t y  E 
r e f e r e n c e  s t a t e  V ( u s u a l l y  taken a t  P = 1 atmos and T = 0). 
0 
which i s  t h e  i n t e r n a l  energylmole o f  t h e  subs tance  i n  i t s  
2’ 
0 
2.1.3 The n u c l e a r  c o n t r i b u t i o n  t o  t h e  en t ropy  of t h e  s o l i d  
C /T i s  c a l l e d  CVDT i n  MONK and i s  i n t e g r a t e d  by t h e  f u n c t i o n  INTGlRL 
c a l l e d  i n  MONKIO. The sum of terms i s  then  done by MONK30 ( f u n c t i o n  SN). 
vo 
2.1.4 The e l e c t r o n i c  c o n t r i b u t i o n  t o  t h e  s o l i d  p r e s s u r e  
where 
z i s  i n p u t  atomic number 
R = gas c o n s t a n t  = 82.057 
x0 = l . / [ l . 1 6 0 5  x 10 4 x z 4/3, 
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LR = z X R X X/(l -!- X> 
g = [ e l e c t r o n i c  f ~ ~ r u n e i s e n f ~ l - ~  = - = func t ion  LG(VT) = MONK14 func t ion  
f3 = e l e c t o n  c o n t r i b u t i o n  t o  s p e c i f i c  h e a t  = f u n c t i o n  BETA(V,T) 
2 
= MONK13 func t ion  = BETAO x d m o  where BETAO i s  inpu t  e l e c t r o n  
s p e c i f i c  h e a t  a t  r e f e r e n c e  volume, VO. 
2.1.5 The e l e c t r o n  c o n t r i b u t i o n  t o  t h e  i n t e r n a l  energy of t he  
s o l i d  assumes t h a t  g = 2 / 3 .  
where symbols a r e  de f ined  i n  2.2.1 
2.1.6 E l e c t r o n  c o n t r i b u t i o n  t o  the  en t ropy  of t h e  s o l i d  
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where 
Y = 0.59/(1 
LR = z 9; R Jc 
@ = BETA(V0 
All o t h e r  symbols and f u n c t i o n s  have been d e f i n e d  e a r l i e r .  
CV/T i s  computed by MONK31 ( f u n c t i o n  CVT(T)). 
Re/V i s  computed by MONK32 [ € u n c t i o n  REV(V)]. 
performed by f u n c t i o n  INTGRL. 
t h e  two i n t e g r a l s  t o  o b t a i n  t h e  e l e c t r o n i c  c o n t r i b u t i o n  t o  t h e  s o l i d  
en t ropy ,  SE(V,T). 
The i n t e g r a t i o n s  a r e  
F i n a l l y ,  MONK33 [ f u n c t i o n  SE(V,T)] sums 
2.1.7 The t o t a l  s o l i d  p r e s s u r e  
pS = P + PE MONK16 [ f u n c t i o n  PS(V,T)] 
N 
2.1.8 The t o t a l  s o l i d  i n t e r n a l  energy 
ES = EN -I- EE MONK 19 [ f u n c t i o n  ES(V,T)] 
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2.1.9 The t o t a l  s o l i d  en t ropy  
SS = S + SE MONK 34 [ f u n c t i o n  SS(V,T)] N 
2.1.10 The Helmholtz f r e e  energy o f  t h e  s o l i d  
FS = E S  - TSS MONK 37 ( f u n c t i o n  FS) 
2.2 The Gas Phase 
2.2.1 The gas  p r e s s u r e  
i s  t h e  v i r i a l  equat ion  o f  s t a t e ,  wi th  t h e  v i r i a l  c o e f f i c i e n t s  corresponding 
t o  B y  C ,  e t c .  
d e r i v a t i v e  
The reduced v i r i a l  c o e f f i c i e n t  B”(T*) = B(T)/Bo and t h e  
must b e  inputed  i n  a l i s t  along wi th  the reduced temperature ,  T”. 
example, see Appendix Table  1 - B  of  H i r s h f e l d e r ,  C u r t i s  and Bird.  Twenty- 
f i v e  v a l u e s  o f  T”, B‘k and B* 1 
B A S K l .  The code then  c o n s t r u c t s  
For  
can be  inputed  d i r e c t l y  f o r  TBASK, BASK and 
T = T”/(k/e) 
from 
c / k  = EDK = (0 .77 TCRIT + 1.15 TBOIL f 1.92 TMELT + .291 TBOYL)/d 
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where d i s  t h e  number of non-zero i n p u t  v a l u e s  i n  the numerator. Thus 
t h e  u s e r  need o n l y  i n p u t  the v a l u e s  TCRIT, TBOIL, TMELT OR TBOYL f o r  
which h e  h a s  some confidence.  
The co-volume BO i s  a l s o  c o n s t r u c t e d  by t h e  code. 
BO = c 2 . 2 9 3  VO + .75 VCRIT + 2.0 VBOIL + 2 . 3  VMELT] /d 
where d h a s  t h e  p r e v i o u s  correspondence and t h e  prev ious  remarks apply. 
The v i r i a l  c o e f f i c i e n t s  C ,  D and E are  approximated by t h e  
geometric corrections of overlapping spherical molecules 
2 C = .625 BO 
D = .2869 BO 
E = .1928 BO 
3 
4 
2.2.2 The gas  i n t e r n a l  energy 
The code c o n s t r u c t s  
where DIFFO i s  computed i n  MONK53 ( s u b r o u t i n e  MONKIO) a s  a r e s u l t  of 
Option l A ,  1 B  o r  1C.  
OPTION 1A:  Input :  LSUB # 0, then  DIFFO = LSUB 
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OPTION 1B: A sub l ima t ion  p o i n t  i s  known, temp = HTSUB, v o l  = HVSUB, 
Bsub = HSUB 
Inpu t :  
Then DIFFO = A - EZ - B 4- HSUB 
LSUB = 0 ,  HTSUB # 0, HVSUB # 0, HSUB # 0 
where EZ i s  i n p u t  (E ) o f  s o l i d  a t  r e f e r e n c e  c o n d i t i o n s .  
A = ES(HVSUB,HTSUB) = I .E. o f  s o l i d  
B = EG(HVSUB,HTSUB) = I.E. o f  gas. (Note t h a t  t h i s  
0 
must be t h e  f i r s t  t i m e  t h a t  EG i s  c a l l e d ,  so t h a t  DIFFO = 0 a t  t h i s  p o i n t . )  
OPTION 1C: Same as  1 B  except  t h a t  the subl imat ion  p r e s s u r e  HPSUB i s  
known and i s  inc luded  i n  INPUT and HSUB = sub l ima t ion  en tha lpy .  
(Not - t he  same a s  i n  Option 1B.)  
DIFFO = A - EZ + C + HSUB 
where A i s  a s  b e f o r e  
b u t  C = EG(B,HTSUB) 
wi th  B = gas  volume c o n s i s t e n t  w i th  HPSUB and TSUB 
= FUNCTION VGBNSR(HPSUB,TSUB) 
= MONK 38 
The meaning of DIFFO i s  such  t h a t  t h e  gas  and s o l i d  phases have i n t e r n a l  
e n e r g i e s  t h a t  a r e  measured from t h e  same zero .  
It i s  d e s i r a b l e  t o  i n p u t  any known sub l ima t ion  p o i n t  HTSUB,HVSUB 
even i f  Option 1A i s  used because t h e s e  q u a n t i t i e s  w i l l  then  be used 
t o  sharpen  t h e  en t ropy  c o n s t a n t  i n  t h e  gas d e s c r i p t i o n .  
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2.2 .3  The Gas Entropy 
0 t o  be c o n s i s t e n t  with G The base f o r  gas en t ropy  must be ad jus t ed  by S 
t h e  s o l i d  entropy.  
w e  w i l l  exclude t h e  p o s s i b i l i t y  of encounter ing  va r ious  compl ica t ions  
w i l l  be a c o n s t a n t  i n  t h i s  MONK ver s ion  because s: 
along t h e  phase l i n e .  (The phase l i n e  i s  descr ibed  i n  Sec t ion  111.) 
These compl ica t ions  can be: (1) d i f f e r e n t  condensed s t a t e s ;  f o r  example, 
d i f f e r e n t  s o l i d  c r y s t a l l i n e  s t r u c t u r e s  o r  s o l i d  and l i q u i d .  ( 2 )  d i f f e r e n t  
molecular  shapes o r  arrangements i n  t h e  gas.  ( 3 )  The f r e e z i n g - i n  of energy 
s t a t e s  a t  low sub l ima t ion  temperatures .  ( 4 )  The a c t i v a t i o n  of normally 
i n a c c e s s i b l e  energy s t a t e s  a t  h igh  subl imat ion  temperatures .  
Ignor ing  t h e  above compl ica t ions ,  w e  can e v a l u a t e  t h e  c o n s t a n t  va lue  
of So i f  w e  know ( o r  can e s t i m a t e )  a subl imat ion  p o i n t  temperature  and 
g 
10 
volume, T1 and V 
i s  F (V , T  ) (see Sec t ion  2.1.9) and i s  equal  t o  t h e  Helmholtz f r e e  energy s l l  
A t  T and V1, t h e  Helmholtz f r e e  energy of t h e  s o l i d  1' 1 
of  t h e  gas ,  E (V , T  )-T S (V ,Tl) .  Thus, g l l  l g l  
o r  
o r  
Thus t h e  gas  en t ropy ,  SG(V,T), i s  completely de f ined  and i s  c o n s i s t e n t  
wi th  t h e  en t ropy  s c a l e  of t he  s o l i d .  I f  HTSUB and HVSUB a r e  read i n  
a s  non-zeros by MONKIO, they a r e  used f o r  T 
V a r e  e s t ima ted  from EDK and BO ( cons t ruc t ed  i n  MONKIO) by: 
and V1. Otherwise T1 and 1 
1 
T 1  = EDKl1.15 
V 1  = B0/2.0 
11 
T h i s  completes t h e  pu re  phase p h y s i c a l  models t h a t  a r e  be ing  used. 
* 
It  i s  expec ted  t h a t  o t h e r  models w i l l  be t r i e d  and t h a t  some t i m e  w i l l  
p a s s  b e f o r e  f i n a l  recommendations can  be  made a s  t o  t h e  appropr i a t eness  
of  v a r i o u s  models f o r  a p p l i c a t i o n  t o  v a r i o u s  r e a l  m a t e r i a l s .  
I n  Vers ion  1, t h r e e  r e s t r i c t i v e  assumptions have been made, 
namely (1) t h a t  t he  gas  phase w i l l  no t  e x i s t  f o r  V < V and (2 )  t h a t  
pure gag phase w i l l  e x i s t  i f  V > V 
range of v a l i d i t y  f o r  t h e  s o l i d  and ( a s s o c i a t e d - n e u t r a l )  gas i s  
lo-'' 1 T 5 2 3 , 0 0 0  OK. 
of  model v a l i d i t y  i s  exceeded, then  a d i a g n o s t i c  message w i l l  appear. 
The most common i n p u t  t h a t  w i l l  n o t  be processed i s  t h e  type where 
0 
5 1.4 and ( 3 )  t h e  tempera ture  CRIT 
I f  an i n p u t  p a i r  of V , E  i s  such t h a t  t h e  range 
Care must be taken t o  choose i n p u t  parameters  f o r  t h e  models t h a t  
a r e  c o n s i s t e n t  w i t h  t h e  d e s i r e d  i n p u t  range of  E and V because t h e  code 
w i l l  no t  a l low thermodynamic incons i s t ency .  
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SECTION I11 
THE PHASE LINE AND PHASE MIXTURES 
The p r e s e n t  model v i r i a l  expansion f o r  t h e  n e u t r a l  gas  cannot b e  
expected t o  be  c o r r e c t  i n  t h e  h i g h  compression regime V / V  % 1 and i n  
t h e  h igh  temperature  r e g i o n  T 2 23000 OK (- 2 e l e c t r o n  v o l t s )  f o r  o u r  
0 
n e u t r a l  gas  assumption. 
S i m i l a r l y ,  t h e  s o l i d  phase i n  t h e  p r e s e n t  model cannot  be expected 
t o  be  modeled c o r r e c t l y  o u t s i d e  o f  t h e  l i m i t s  .5 S V I V O  5 1.4 because of 
t h e  expansion i n  - used i n  t h e  express ions  f o r  t h e  n u c l e a r  c o n t r i b u t i o n s .  
vo -v 
0 
V 
Then t h e  i n t e r v a l  1 5 V I V O  5 1.4  r e p r e s e n t s  t h e  o v e r l a p  reg ion  where 
t h e  two d e s c r i p t i o n s  ( g a s  and s o l i d )  can be s imul taneous ly  v a l i d  except  
CRIT.  t h a t  pure gas  mus t  e x i s t  above t h e  c r i t i c a l  volume V 
MONK10 se t s  up t h e  phase l i n e  i n  t h e  volume i n t e r v a l  
1 .0  5 V I V O  <- VCRIT /V by c o n s t r u c t i n g  subl imat ion  volume-temperature 
a r r a y s  VSUB(I), TSUB(1) such t h a t  t h e  gas  and s o l i d  d e s c r i p t i o n  H e l m -  
h o l t z  f r e e  e n e r g i e s  a r e  equal .  
Fg(VSUB,TSUB) = Eg - TSg = Fs(VSUB,TSU$)= Es - TSs. T h i s  phase l i n e  
i s  used t o  determine whether an i n p u t  E , V  p a i r  i s  c o n s i s t e n t  wi th  a l l  
s o l i d  phase,  a l l  gas  phase ,or  a mixture  o f  phases a t  equi l ibr ium.  The 
fo l lowing  l o g i c  i s  used: 
(1) I f  E > EG(V,TSUB(V)) then  t h e  i n p u t  energy i s  g r e a t e r ’ t h a n  
t h a t  r e q u i r e d  t o  achieve  t h e  subl imat ion  temperature  TSUB(V) 
u s i n g  t h e  gas  model and pure  gas  i s  p r e s e n t .  
3-1 
(2') If E < E (V,TSUB(V)) then  t h e  i n p u t  energy i s  less than  t h a t  
r equ i r ed  t o  h e a t  t h e  s o l i d  up t o  t h e  sub l ima t ion  tempera ture ,  
hence pure  s o l i d  phase i s  p r e s e n t .  
S 
( 3 )  If Es < E < E 
NG = (E-Es ) / (E  -E ) be ing  the mole f r a c t i o n  o f  gas. 
volume o f  s o l i d  and gas a r e  determined by t h e  e q u a l i t y  of 
Gibbs f r e e  e n e r g i e s ,  which i s  t h e  same a s  t h e  e q u a l i t y  of 
gas  and s o l i d  p r e s s u r e  on t h e  phase l i n e .  
then  a mixture  of phases  w i l l  occu r  w i t h  
g 
The molar G s  
3-2 
SECTION I V  
INPUT PARAMETERS AND OPTIONS 
CARD NO. 1 (Bfank u n l e s s  d i a g n o s t i c  " t r ace"  o p t i o n  i s  used . )  
TRACEM(I), I = 1 ,65  (FORMAT 6511) 
Any combination of  non-zero punches i n  ( say  columns 7 ,  10,35) w i l l  
a c t i v a t e  t h e  t r a c e  l o g i c  such t h a t  every c a l l  t o  MONK 7 ,  10, and 35 
w i l l  be p r i n t e d  o u t  a long  wi th  d i a g n o s t i c  d a t a  and n e s t i n g  l e v e l .  
A l l  remaining i n p u t  c a r d s  w i l l  have f l o a t i n g  p o i n t  d a t a  punched 
i n  f i e l d s  of 1 6  (of t h e  FORMAT type  5316.9 o r  4316.9).  
CARD NO. 2 
Z, M.W, VO, EZ, BETA0 
No zero  allowed, no o p t i o n s  a v a i l a b l e .  
z = atomic number 
Mw = molecular  weight (gm/mole) 
VO = r e f e r e n c e  d e n s i t y  of  s o l i d  (cm /mole) 
EZ = r e f e r e n c e  i n t e r n a l  energy of s o l i d  a t  V = VO, T = 0 K 
3 
0 
(atmos-cc/mole) 
0 2  BETA0 = e l e c t r o n i c  s p e c i f i c  h e a t  c o e f f i c i e n t  a t  V = VO (atmos-cc/mole- K ) 
CARD NO. 3 
VCROP, VCRIT,  VBOIL, VMELT 
Various o p t i o n s .  See Flow Char t  N o .  4 .  
VCROP = any non-zero number i f  VCROP o p t i o n  i s  used ,  
VCRIT = c r i t i c a l  volume i f  known (cm /mole). 3 
VBOIL = b o i l i n g  volume 
VMELT = m e l t i n g  volume 
It i s  d e s i r a b l e  t o  i n p u t  a t  
3 
3 
(cm /mole) a t  P = 1 atmos). 
(cm /mole) a t  P = 1 atmos). 
l e a s t  one o f  t h e  t h r e e  (VCRIT, VBOIL o r  VMnT) 
i f  p o s s i b l e  so t h a t  t h e  code can make a good e s t i m a t e  of  t h e  co-volume. 
The r u l e s  of thumb given nex t  a r e  i n f e r i o r  t o  an unders tanding  of Flow 
Char t  No. 4 and i t s  r a m i f i c a t i o n s .  
I f  VCRIT i s  known, then  i n p u t  VCRIT # 0, VCROP = 0. 
I f  TCRIT i s  known b e t t e r  t han  VCRIT,  then  i t  may be b e t t e r  t o  i n p u t  
TCRIT (nex t  ca rd )  w i th  VCRIT = VCROP = 0. 
I f , n o t h i n g  i s  known: Try  (1) blank ca rd  and ( 2 )  VCROP # 0 and compare 
r e s u l t s  a g a i n s t  p h y s i c a l  i n t u i t i o n .  
CARD NO. 4 
TBOYL, TCRIT, TBOIL, TMELT 
TBOYL = Boyle ' s  Temperature K 
TCRIT = C r i t i c a l  t empera ture  K 
TBOIL = Boi l ing  temepra ture  K ( a t  P=l atmos) 
0 
0 
0 
0 TMELT = Mel t ing  tempera ture  K ( a t  P a l  atmos). 
2 
A t  l e a s t  one of the above f o u r  must be non-zero so t h a t  t h e  code can 
e s t i m a t e  t h e  s c a l e  f a c t o r  EDK f o r  t h e  reduced tempera ture  T”. 
CARD NO. 5 
LSUB, HTSUB, HVSUB, HPSUB, HSUB 
Various op t ions .  See Flow Char t  No .  3 .  
LSUB = i n t e r n a l  energy of  sub l ima t ion  of  s o l i d  a t  T = O°K and 
v = vo (atmos-cc/mole). 
= i n t e r n a l  energy of t h e  gas a t  T = OOK, V = a. 
0 3 HTSUB 
HV SUB 
a known tempera ture  ( K ) ,  and volume (cm /mole) a t  any 
sub l ima t ion  p o i n t .  
HPSUB = t h e  p r e s s u r e  of  t h e  gas a t  t h e  above known subl imat ion  
p o i n t  (atmos). 
3 HSUB = e i t h e r  t h e  energy of sub l ima t ion  (cm /mole) i f  HPSUB = 0, 
- o r t h e  en tha lpy  of sub l ima t ion  i f  HPSUB # 0. 
I f  LSUB i s  known, it should be used. I n  t h i s  c a s e  DIFFO = LSUB and a l l  
i s  w e l l .  
Even i s  LSUB i s  used, i t  i s  d e s i r a b l e  to  i n p u t  a known subl imat ion  p o i n t  
volume and tempera ture ,  HVSUB and HTSUB so  t h a t  t h e  zero  p o i n t  en t ropy  
of  t h e  gas ( r e l a t i v e  t o  t h e  s o l i d )  w i l l  be e s t a b l i s h e d  wi th  good accuracy. 
I f  LSUB i s  ignored ,  t hen  HVSUB, HTSUB and HSUB must be used. I f ,  i n  
a d d i t i o n ,  HPSUB i s  used t h e n  the  meaning of HSUB i s  changed, 
-
It i s  d e s i r a b l e  t o  unders tand  Flow Char t  No. 3 .  
3 
CARD NO. 6A 
N FORMAT(I10) 
N = array length that follows (2 4 N 5 25) 
CARD(S) NO. 6B 
0 TCVO = temp K 
CVO = specific heat at constant volume VO of solid 
(atmos-cc/mole- K) at temperature TCVO. 0 
TCVO(1) should = 0 
TCVO(N) should = 10 60 
TYPE 7 cards are stacked together in order of increasing temperature. 
The method of CARD NO. 6A and CARD(S) NO. 6B is used to input the next arrays: 
CARDS NO. 7 TALPHA(I), ALPKA(I), I = l,N1 (2 s N1 5 25) 
CARDS NO.10 TBASK(I), BASK(I), I = 1, N4 (2 5 N4 5 25) 
TBASK1(I), BASK1(I), I = 1, N5 (2 < - N5 S 25) CARDS NO.11 
where TALPHA, TCHI, TCHIP correspond to the temperatures associted with the 
values of ALPIEA, CHI and CHIP respectively. 
4 
TBASK and TBASK correspond t o  t h e  reduced tempera tures  a s soc ia t ed  1 
wi th  BASK and BASK r e s p e c t i v e l y .  1 
1 av -1 C H I  = c o m p r e s s i b i l i t y  - -(-) of t h e  s o l i d  (atmos ). v ap T 
a CHI CHIP = ( F ) ~  
BASK = reduced second v i r i a l  c o e f f i c i e n t .  B*(Tqr) of H i r s h f e l d e r  , 
C u r t i s  and B i rd  f o r  t h e  Lennard-Jones p o t e n t i a l ,  a t  t he  
reduced tempera ture  Ti'. 
BASKl = 
CARD NO. 1 2  
T~:  d BASK 
dT' 
and i s  given i n  l o c .  c i t .  above. 
N FORMAT (12) 
N = number of s e t s  of E , V  i n p u t  m a t r i c e s  t h a t  w i l l  be processed.  
CARD NO. 13.1 
IEMAX, IVMAX FORMAT (214) 
IEMAX = number of E ' s  i n  f i r s t  s e t  (1 I IEMAX S 10) 
IVMAX = number of  V ' s  i n  f i r s t  se t  (1 I IVMAX < 10) 
CARD NO. 13.2 
E ( I ) ,  I = 1, IEMAX FORMAT(5E16.9) 
I n p u t  l i s t  of e n e r g i e s  ) 
5 
CARD NO. 13.3 
V(J) ,  J=1, IVMAX FORMAT(5E16.9) 
3 I n p u t  l i s t  of volumes (cm /mole) 
T h i s  completes t h e  f i r s t  i n p u t  set. Repeat CARD TYPE 13.1,  L3.’2, 13.3 fo r  
each s e t  of d e s i r e d  i n p u t .  
The o u t p u t  w i l l  be P ( I , J ) ,  T ( I , J ) ,  NG(1,J) f o r  every combination of I , J  
i n  each set. 
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SECTION V 
CONCORDANCE 
UNLABELED COMMON 
ALPHA( 25) 
CVO( 25) 
C H I (  25) 
TCHI ( 25) 
I C H I (  25) 
SCHI ( 25) 
CHIP( 25) 
TCHIP( 25) 
ICHIP( 25) 
SCHIP( 25) 
BASK( 25) 
TBASK( 25) 
IBASK(  25) 
SBASK( 25) 
BASK1 (25) 
TBASKl( 25) 
1 BA SK1( 25 
SBASKl( 25) 
Thermal c o e f f i c i e n t  o f  volume expansion ( i n p u t  l i s t )  
S p e c i f i c  h e a t  a t  c o n s t a n t  volume ( i n p u t  l i s t )  
Compress ib i l i t y  o f  s o l i d ,  x = - -(-) 
Temp. l i s t  a s s o c i a t e d  w i t h  x ( i n p u t  l i s t )  
1 av 
v ap T ( i n p u t  l i s t )  
I n t e r c e p t  and s l o p e  o f  x. See MONK 10. 
ax 
S T  
xC = (--) ( i n p u t  l i s t )  
Temp. l i s t  a s s o c i a t e d  w i t h  x' ( i n p u t  l i s t )  
I n t e r c e p t  and s l o p e  of  x'. See MONK 10. 
Reduced second v i r i a l  c o e f f i c i e n t .  
H i r s h f e l d e r ,  C u r t i s  and Bi rd  f o r  Lennard-Jones 
po t .  ( i n p u t  l i s t ) .  
Reduced temp, T*, assoc.  w i t h  B* ( i n p u t  l i s t ) .  
B"(T") o f  
I n t e r c e p t  and s l o p e  of B*. See MONK 10  
'kd~* o f  l o c .  c i t .  f o r  BASK ( i n p u t  l i s t ) .  B ; = T -  dT* 
T" assoc.  w i t h  B 
* 
( i n p u t  l i s t )  1 
I n t e r c e p t  and s l o p e  of B" (See MONK 10) 1' 
1 
UNLABELED COMMON 
CVODT( 25) CoV/T 
PO( 151) 
P1( 151) 
P2( 151) 
EO(151) 
E l  (1 51) 
E2(151) 
i Terms i n  expansion of n u c l e a r  c o n t r i b u t i o n  t o  the s o l i d  p r e s s u r e  
Terms i n  t h e  expansion of t h e  n u c l e a r  c o n t r i b u t i o n  
t o  t h e  s o l i d  i n t e r n a l  energy 
BK( 151) 
BKP( 151) 
ICVDT(151) 
1: SUBL ( 392) 
BO ;k BJC 
BO ;k B;/T 
I n t e g r a l  of(CoV/T)dT from T = 0 t o  T = T 
L i s t  of subl imat ion  temps. 
LABELED COMMONS 
COMMON/TEMPCM 
TEMP( 151) I n t e r n a l  r e f e r e n c e  l i s t  o f  temps 
COMMON/PNCOMN 
IPO( 151) 
SPO( 151) 
1 EP1( 151) 
I SP1( 151 ) 
SP2(151) 
vo 
I n t e r c e p t s  and s l o p e s  of PO, P1 and P2. Se MONK 10. 
Reference s p e c i f i c  molar  volume of so l id .  
2 
COMMON /BETACM 
vo 1 
BETA0 
BO 
Same meaning a s  VO (Ref. vol . )  
E l e c t .  s p e c i f i c  h e a t  a t  V = VO 
co  -volume 
COMMON /PECOMN 
xo = I . / L ~ ~ / ~  9; 1.1605 10~1  
Z = Atomic number ( i n p u t )  
R = 82.057 = molar gas c o n s t a n t  
COMMON /CNCOMN 
v02 = vo 
EZ = I n t e r n a l  energy of  s o l i d  a t  r e f e r e n c e  c o n d i t i o n s  ( i n p u t )  
I n t e r c e p t  and s l o p e  of INCVO. 
IINCVO(151) 
SINCVO( 151) 
IEO(  151) 
SEO( 151) 
I E 1 (  151) 
SEl( 151) 
I E 2 (  151) 
SE2( 151) 
I n t e r c e p t s  and s l o p e s  of EO, E l  and E2. 
COMMON/PGCOMN 
R1  = R 
3 
c OMMO N /D BDTCM 
I n t e r c e p t  and s l o p e  of BKP = BO * BASKl/T 
I BKP ( 151) 
SBKP( 151) 
COMMON / EGCOMN 
DIFFO 
R2 
I n t e r n a l  energy of Gas a t  T=O 
=R 
I n t e r c e p t s  and s l o p e s  o f :  
ICVDT, SPO, SP1 and SP2. See MONK 10. 
VO 3 
COMMON/VGBNSC 
VCNT 
VOL ( 391 ) 
COMMON /MONKER 
MONKGO 
= vo 
Number of non-zero TSUBL, VSUBL-pairs 
I n t e r n a l  volume a r r a y  f o r  c o n s t r u c t i n g  VSUBL, TSUBL 
ERROR SWITCH 
4 
COMMON/FALPHC 
NALPHA 
TALPHA( 25) 
IALPHA( 25) 
SALPHA( 25) 
COMMON /FCVOCM - 4 
NCVO 
TCVO( 25) 
ICVO( 25) I SCVO( 25) 
COMMON /FCVODC 
NCVO 1 
TCVOl(25) 
1cV0DT(25) 1 
SCVODT(25) ) 
COMMON/MONKPC 
VCRIT 
VCNTl 
VSUBL( 391) 
ITSUBL(391) 
ST SUBL ( 391 ) 
COMMON / BMONKC 
3 IBK( 151) SBK( 151) 
Alpha a r ray '  l e n g t h  ( i n p u t )  
Temps. cor responding  t o  ALPHA Array ( i n p u t )  
I i l t e r c e p t s  and s lopes  of ALPHA Array 
CVO a r r a y  l e n g t h  ( i n p u t )  
Temps. cor responding  t o  CVO a r r a y  ( i n p u t )  
I n t e r c e p t s  and s l o p e s  of CVO a r r a y  
= NCVO 
= TCVO 
I n t e r c e p t s  and s l o p e s  of CVO/T 
= C r i t i c a l  volume 
= VCNT = Index  count i n  TSUBL, VSUBL space  
= Sublimation volume a r r a y  
I n t e r c e p t  and s l o p e  of subl imat ion  temp. a r r a y .  
I n t e r c e p t  and s l o p e  of BK = BO 9; BASK 
5 
COMMON/ SGZCOM 
HV SUB ‘1 
HTSUB ) 
I 
I. 
EDK 
A particular sublimation point (volume and temp.) 
Ratio of true temp to reduced temp (E/k)  
SECTION V I  
MONK FORTRAN FUNCTION AND SUBROUTINES, 
NAMES, AND PRIMARY P U W O S E S  
MONK 
NO. NAME (ARGUMENT LIST) /PURPOSE 
00 
01 
02 
03 
04 
05 
06 
MONK 
ERRDER 
CHKVLU 
CHKFGN 
CHKN 
R I T F G N  
FGN S A 1  
NONE /DRIVER 
(MONKGO) /ERROR CHECK 
(LOVAL, HIVAL,  VAL, NAMEl,NAME2) 
/CHECKS A VALUE AGAINST H I  AND L O  L I M I T S  
(N,X,Y,NAMEX1,N~EX2,NAMEY1,NAMEY2,L0V~X,H1VALXJL0VALY,H1V~Y) 
/Checks t h e  N v a l u e s  of X and Y a r r a y s  a g a i n s t  h i  and l o  l i m i t s  
/Checks t h e  a r r a y  l e n g t h  N i n  t h e  argument of FGEN (MONK 10)  
a g a i n s t  h i  and l o w  l i m i t s .  
(N,X,Y,NAMEX1,NAMEX2,NAMEYlyNAMEY2) 
/Wri tes  o u t  and l a b e l s  t h e  N va lues  of an X and Y a r r a y .  
( N , X , Y , I N T ,  SLP) 
/Given N p a i r s  of v a l u e s  of X,Y a r r a y s ,  c o n s t r u c t  s l o p e  
and i n t e r c e p t  a r r a y s ,  SLP = dy/dx, I N T  = y - x ;k SLP 
1 
MONK. 
NO.. NAME (ARGUMENT LIST) /PURPOSE 
08 I SR (N,T,X,FL) /Given N v a l u e s  of the a r r a y  x and a v a l u e  
of T, f i n d  index FX such t h a t  X(FL-1) IC T 5 X(FL,) 
09 FFGEN ( X , I N T ,  SLP) 
/Given a v a l u e  X ,  INT And SLP, r e t u r n  v a l u e  FFGEN = INT + X 9: SLP 
10 FGEN (N,?,x,INT, SLP) 
/Given t h e  N v a l u e s  of t h e  X a r r a y  and t h e  N va lues  of  
i n t e r c e p t  and s l o p e  a r r a y s  (SLP 3 d x l d t )  and given a 
v a l u e  of  T t h a t  does no t  n e c e s s a r i l y  have a va lue  
N 
corresponding t o  a member of t he  a r r a y  T t h a t  was used 
dx(1)  ‘ t o  se t  up t h e  a r r a y s  INT(T(1)) and SLP(T(1)) = -
dT(1) ’ 
then a v a l u e  of  i s  re turned .  
FGEN = = INT(FL(T)) + ?  ;k SLP(FL(T)) 
Graphica l ly :  
2 
MONK 
NO. NAME (ARGUMENT LIST) /PURPOSE 
11 INTGRL (F,fi,BB) 
/Given a f u n c t i o n  F(x) wi th  an a r r a y  of argument x and 
BB = X where 'min' max g iven  lower and upper l i m i t s  AA = 
and X need n o t  be a r r a y  p o i n t s ,  then the  i n t e g r a l  'min max 
is perEormed. 
INTGRL = f 'F (x) dx 
AA 
1 2  P N  
/ n u c l e a r  c o n t r i b u t i o n  t o  t h e  p r e s s u r e  o f  t h e  s o l i d  
Vo-V vo-v 2 
PN = P O W  + P1(T)(--$ -4- P 2 ( T ) ( y )  
0 0 
/ e l e c t r o n  s p e c i f i c  h e a t  c o n t r i b u t i o n  i n  t h e  s o l i d  
BETA = BETA0 
a J  a, 
do 
G 
.rl m LG ( V , T )  z 0.5 
.!-I 
u 
PE ( V , T )  
z 
/ e l e c t r o n  c o n t r i b u t i o n  t o  t h e  s o l i d  p r e s s u r e  
GBT 
2 r 
VG B r P E  = - l o g  cash(-) 
3 
MONK 
NO. NAME (ARGUMENT LIST) /PURPOSE 
/To ta l  p r e s s u r e  of s o l i d  phase 
PS = P N  C P E  
1 7  EN 
18 EE 
/Nuclear  c o n t r i b u t i o n  t o  the i n t e r n a l  energy of t h e  s o l i d .  
(VYT) 
/E lec t ron  c o n t r i b u t i o n  t o  t h e  i n t e r n a l  energy of t he  s o l i d .  
/To ta l  i n t e r n a l  
E S  = EN f EE 
24 PG (VYT) 
/To ta l  p r e s s u r e  
energy of s o l i d  phase 
of gas  phase ( V I R I A L  EXPANSION) 
C D E  + - + 7 + - + j  
v2 v v 
4 
MONK 
NO. NAME (ARGUMENT ZI&) /PURPOSE 
29 EG N , T )  
/ I n t e r n a l  energy of gas phase 
30 
31 
SN 
CVT 
32 REV 
(V, T) 
/Nuclear  c o n t r i b u t i o n  t o  t h e  en t ropy  of t h e  s o l i d  
T 
(T) 
/Term CV/T  t h a t  w i l l  be used i n  the  e v a l u a t i o n  of the  
e l e c t r o n  c o n t r i b u t i o n  t o  t h e  en t ropy  of t he  s o l i d  phase.  
CVT = - cv = - 2yr  (%) l o g  cosh (x) 
T T 2BT 3 r  
( V I  
/Term Re/V t h a t  a l s o  w i l l  be used 
the  e l e c t r o n  c o n t r i b u t i o n  t o  t h e  
phase. 
i n  t he  e v a l u a t i o n  of 
en t ropy  of t h e  s o l i d  
5 
MONK 
NO. NAME (ARGUMENT L I ST ) /PURPOSE 
39 T S U B B S .  (V) 
/F inds  sub l ima t ion  temp f o r  t h e  g iven  V such  t h a t  
F S ( V , T S U B )  = FG(V,TSUB).  A flow c h a r t  i s  provided 
elsewhere.  
40 T E  SBNS ( V , E )  
/F inds  tempera ture  of s o l i d  c o n s i s t e n t  w i th  given V and E.  
41 VP SPGB (V,  T ,VO,  NG) 
/F inds  volume of gas i n  a mixed phase case  such t h a t  t he  
gas p r e s s u r e  i s  equal  t o  t h e  s o l i d  pressure,, 
42 TEGBNS ( V , E )  
/ f i n d s  gas tempera ture  g iven  V and E 
43 VCRGET ( T C R I T  , V C R I T  , VCNT , T SUBL ,VSUBL) 
/(l) Finds  V C N T  i f  V C R I T  i s  no t  i n p u t t e d .  
( 2 )  F inds  index VCNT = J o f  V S U B L ( J )  and T S U B L ( J )  such 
t h a t  T S U B L ( J - 1 )  < T C R I T  < T S U B L ( J )  
44 FALPHA (T 1 
/Returns  a ( T )  = thermal c o e f f .  of volume expansion by 
i n t e r p o l a t i o n  of  i n p u t  ALPHA, TEMP t a b l e s .  
7 
MONK 
NO e NAME (ARGUMENT LIST) /PURPOSE 
45 FCVO 
46 FCVODT 
47 WHEREM 
48 WHATMR 
/Returns  Co(T) f o r  a given T V 
(TI 
/Returns  CV(T)/T f o r  a g iven  T 
(SPN,INOUT) 
/Computes and wr i t e s  o u t  "leaving" and "enter ing" and 
n e s t i n g  l e v e l  of c a l l s  t o  subprograms w i t h  number SPN, 
a c t i v a t e d  by TRACEM( SPN) # 0 on i n p u t  ca rd .  
(SPN,N,NMl ,VLl,NM2,VL2,NM3,VL3,NM4,VL4) 
/Writes o u t  r e l e v a n t  f l o a t i n g  p o i n t  d a t a  t h a t  was genera ted  
by t h e  s u b r o u t i n e  t h a t  c a l l s  i t  i f  TRACEM(SPN) # 0. 
49 WHATMI (SPN,N,NMl,VLl ,NM2 ,NM3,VL3,NM4 ,VL4) 
/Same a s  WHATMR except  f i x e d  p o i n t  d a t a .  
51 DUME'EM (SPN,N,A,NAME) 
/Writes out  a r r a y  A (of any l e n g t h ) .  S i m i l a r  t o  WHATMR, 
except  WHATMR writes o u t  f o u r  a r r a y s  i n  f o u r  p a r a l l e l  
columns. 
8 
MONK 
NO. NAME (ARGUMENT LIST) /PURPOSE 
52 REDFGN (N, X, Y, NAMEXl , NAMEX2 NAMEYl ,NAMEY2 ,LOVALX,HIVALX,LOVALY ,I-IIVALY) 
/Reads i n  two a r r a y s ,  names and l i m i t s .  
53 MONKIO /The c o n t r o l l i n g  subrou t ine  f o r  s e t t i n g  up in t e rmed ia t e  
t a b l e s  and u s e f u l  v a r i a b l e s .  A f low c h a r t  i s  provided 
e l  sewhere. 
/ A f t e r  MONKIO has  s e t  up the  in t e rmed ia t e  t a b l e s  and 
v a r i a b l e s ,  MONK00 sends inpu t  p a i r s  of V , E  t o  MONKPR 
f o r  p rocess ing  t o  o b t a i n  P , T ,  and NG. A f l o w  c h a r t  
i s  provided elsewhere.  
9 
MONK MAIN now CHART NO, 1 
REPEAT @ AND @ UNTIL ALL S E T S  ARE COMPLETE 
i 
I @ I READ TRACEM CARD 
READ NUMBER OF S E T S  O F  INPUT E , V  
READ IEMAX, IVMAX OF F I R S T  E,V SET 
READ F I R S T  SET E ( 1 )  , I = l , I E M A X  
READ F I R S T  SET V( J) J=1, IVMAX 
MONK10 FLOW CHART NO. 2 
i - -  -. . I . , - ' - 
I 
- liL I .- - - . 
I D E F I N E  BO, EDK I 
1 RESET VOL ARRAY T O  BE MOLAR VOLUMES j 
i 
I _I-_^ _ "  _ _ _ _  - . "  _ _ _ _ _  - 
- r /  1 SET UP C;/T AND s (C;/T)dT ARRAYS 1 
- -- I .  - - . __I _. 
CONSTRUCT PHASE L I N E  ARRAY WITH 
V C R I T ,  T C R I T  O P T I O N S  ( S E E  FLOW CHART NO. 4 )  
- - - .-_---I- IT-- -" 
I E T U R N  TO MAIN I , 
MONJCCO-DIFFO LOGIC,  Elow CHART NO. 3 
! - - v -  .A - -__ - -1 
A = ES(HVSUB,HTSUB) I A = ES(HVSUB,HTSUB) I I  
I B = VGBNSR(HPSUB,HTSUB) 
C = EG(B,HTSUB) 
1 ;  B = EG(HVSUB,HTSUB) 
D I F F O  = A - E Z  - B + HSUB i j 
j r  i - .. -. _- . . - . , D I F F O  = A - E Z  - C + HSUB 
I _ _  - 
HSUB = INTERNAL HSUB = ENTHALPY O F  
ENERGY O F  SUBLIMATION SUBLIMATION FOR T H I S  
FOR T H I S  PATH PATH \ 
(HVSUB, HTSUB) ARE A (VOL,TEMP) P A I R  
AT A KNOWN SUBLIMATION P O I N T  
I F  HPSUB I S  GIVEN,  THEN HSUB MUST CORRESPOND 
T O  THE ENTHALPY O F  SUBLIMATION 
I F  HPSUB = 0, THEN HSUB MUST CORRESPOND TO 
THE INTERNAL ENERGY O F  SUBLIMATION 
MONK10 V C R I T ,  T C R I T  L O G I C ,  FLOW CHART NO. 4 
._ 
i SET UP VSUB, TSUB ARRAY ONLY 
I 
FOR VSUB 5 V C R I T  i 
1 i (VCNT = NO. P A I R S  THAT ARE S E T )  1 
I F O R  E N T I R E  VOL ARRAY , I 
1 i 
L I . I - _- . I _ _  I -. - .I -1' -- -. --- - . I-. ____- . 
f 
I S  VCROP + V C R I T  = 0 ;-- YES 2 3  
4 .._________I- _ _ _ _ _ .  
-I I S  T C R I T  I N P U T  = 0 NO 
i 24 
F I N D  V C R I T  
. 
1 
. 
' FROM TCRIT I 
I 
* '-1 - 
__ '[ 
r _  --_ 
i . I S  V C R I T  = 0 NO 
! 
i . L 1 2 5  
_ _  i 
1 
DONE 
i 26 r--lej - 
-- -1 
, -  __ - 1' __ &i - _..__I _. 
F I N D  GAS AND S O L I D  
PRESSURE ALONG PHASE L I N E  I - - .- - - - -I - - .- 
_ _  - T _ - 7  
1 FIND VSUB, TSUB WERE IPGAS-PSOLIDI j 
I I ! I S  MINIMU. THEN V C R I T  = VSUB 
- - _  I _  
DONE 
MONKPR FLOW CHART NO. 5 
PURE GAS 
P , T  OUTPUT 
YES 
PURE GAS 
P ,T  OUTPUT 
YES ..l 
I 
PURE S O L I D  
P ,T  OUTPUT 
E > E S ( V , T S U B ( V ) )  I - - -  N O -  - ---‘e -+ PURE S O L I D  
P , T  OUTPUT 
NO 
I 
i F I N D  MOLAR VOL OF GAS 
, SUCH THAT PG = PS BY 
I 
I 
CALL TO VPSPGB 
-_--I - . - - - .  
1 
MIXED PHASE P , T  AND NG OUTPUT 
